To test whether these LIM-HD factors specify v-MN or motor column identity, we examined Lhx3 Ϫ/Ϫ , Lhx4 Ϫ/Ϫ , and Lhx3 Ϫ/Ϫ and Lhx4 Ϫ/Ϫ (double mutant, DKO) knockout mice. In DKO mice, motor neuron differentiation proceeds; however, v-MN cells acquire properties of d-MNs. Moreover, elimination of Lhx3 or Lhx4 alone does not produce this phenotype, indicating that these factors have similar activities in motor neurons. Finally, we show that Lhx3 is sufficient to specify v-MN identity when misexpressed in progenitors for d-MN cells. Our studies demonstrate that Lhx3 and Lhx4 act independently from the factors that trigger motor neuron differentiation to control the choice of motor neuron axon exit point from the neural tube.
Results

MMCm v Motor Neurons Express Lhx3 and Lhx4
To examine the role of LIM-HD genes in motor neuron development, we elected to use molecular-genetic approaches in mice. Since the combinatorial expression of LIM-HD genes has not been well defined in mouse motor neurons, we first generated antibodies to detect murine LIM-HD factors Isl1, Isl2, Lhx3, and Lhx4. Together, Isl1 and/or Isl2 (Isl1/2) appear to mark all motor neurons ( Figure 1 ) and a group of dorsally located interneurons (see Figure 1D ). Motor neuron subtypes become evident by e13.5 in mouse development as axons arrive at their appropriate targets and cell bodies settle in their columnar locations in the neural tube. At this stage, Lhx3 and Lhx4 are coexpressed, to varying degrees, in a medial subset of Isl1/2 ϩ motor neurons (Figures 1A-1C ) and a group of ventrally located interneurons (see Figure 1E ). In the chick, Lhx3(Lim3) is also detected in medial motor neurons and interneurons (Tsuchida et labeling with rhodamine-conjugated dextran was used appropriate targets ( Figures 2E-2G (Figures 2A-2C) , send axons to their by the M phase marker mpm2, just prior to the initiation 4F ). In contrast to Lhx3 expression at e13.5, CRE found to be nLacZ ϩ in F1 embryos ( Figure 4A ). As hypothesized, we found that several Isl1/2 ϩ motor columns reveals that early Lhx3 expression is not restricted to cells that give rise to a single motor column, nor is it were nLacZ ϩ through Lhx3 Ϫ at e13.5 (compare Figures  4B and 1I) . This was an indication that Lhx3 is expressed restricted to only somatic or visceral cells. Our results demonstrate that early Lhx3 expression occurs in v-MN in many subtypes of motor neurons as they are generated from progenitor cells (Figures 3A-3C (Figures 5I and 5J) .
cells express nLacZ (red-yellow). (D-F) (D) Hypoglossal (XII v ) motor neurons express nLacZ (yellow-green), whereas (E) trigeminal (V d ) (red) and (F) trochlear (IV d ) (red) do not. (G-I) (G) LMC
Neurofilament staining on serial sections and orthograde DiI labeling along the neuraxis revealed that DKO embryos lack ventral roots (Figures 5G and 5H) 
Misexpression of Lhx3 Reorients Axonal Projections Ventrally
